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CHAPTER 1: INTRODUCTION 
1.1 Background 
Modular channel is one of the drainage designs that involve module to be use in the 
design of the drainage system. As modular channel is being used in this design, the 
different data or information involving the flow resistance and flow attenuation will be 
obtained for further research purpose in the future. Module is one of the important 
features that were installed in this drainage design and thus this channel is being known 
as modular channel. Modular channel application is familiar in the storm water 
management for on-site detention (OSD), bio-remediation and filtration pond other than 
being applied in the drainage design to control the storm water discharge. 
Application of modular channel or module is also familiar in the rainwater 
harvesting system scene to act as a water filter. Rainwater will be going through 
infiltration and filtration to collect and produce clean, colourless and odourless water to 
be use for various purposes. This implementation will help to reduce the water supply 
needed and become one of the water saving measures.  
The efficiency of the water channel flow and the water distribution process will be 
affected significantly with the application of modular channel. So, this research will be 
focusing on the suitability of this modular channel design as conveyance system and the 
characteristics of the flow attenuation and flow resistance that were affected. This 













1.2 Problem Statement 
Increase of flash flood cases in urban cities and frequent changes in world's climate 
urge the need for the better urban sustainable drainage solutions to eliminate the risk of 
flash flood. As the flash flood issues in urban area is getting worst by year contradict to 
the improvement in technology system to improve human life standard, this research 
was conduct to improve the drainage system condition by applying the modular channel 
design . 
A laboratory study has been conducted to analyze the effect of modular channel to 
the velocity and on the Manning's n coefficient in an open channel on the hydraulic 
roughness. These modular channel designs also are more sustainable in the aspects of 
managing the flow rates and compatible to the environmental scene attenuating flows 
and controlling the downstream discharges. 
1.3 Objectives and Scope of Study 
  1.3.1 Objectives 
In this study, this modular channel design is investigated with various slopes, 
arrangement and flow rates. These projects consist of one main objective that should be 
achieved at the end of the project which is: 
1) To evaluate the performances of the modular channel in terms of flow resistance 
and flow attenuation. 
At the end of this project, author should be able to achieve the main objectives to 
complete this project successfully. 
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  1.3.2 Scope of study 
This study is limited by examining the flow of water by using modular channel in 
Universiti Sains Malaysia (USM) Engineering Campus. There will be installation of a 
few rows of module in channel cross section and water will pass through the module. 
The different in flow resistance will be recorded at different point. This research will be 
conduct at Physical Modelling Laboratory of River Engineering and Urban Drainage 
Research Centre (REDAC) at University Sains Malaysia.Two type of meter will be used 
to record the data which is Current Meter & Acoustic Doppler Velocimeter (ADV). 
 
CHAPTER 2: LITERATURE REVIEW/THEORY 
 2.1 Module 
Module or modular tank is also known as modular channel and consist of many 
different designs which will provide different flow attenuation. Module will be acting as 
temporary storage to store excess water in the underground to control and manage 
surface water runoff. Flow resistance of water will also be affected by the application of 
module in the channel. 
Modular channel application as subsurface conveyance has only been primarily 
applied in Bio-ecological Drainage System (BIOECODS) in Universiti Sains Malaysia 
(USM) Engineering Campus (Li et al., 2011; Zakaria et al., 2003; Ab. Ghani et al., 2004) 
and sustainable urban drainage system in Taiping Health Clinic that were completed in 
2005 (Li et al., 2011; Ab. Ghani., 2008).  
Both modules have different design that will provide different flow attenuation 
cause by the different roughness coefficient. Subsurface module use in BIOECODS 
dimension is 405 mm x 465 mm x 607 mm while dimension of subsurface module use in 
Taiping Health Clinic is 410 mm x 450 mm x 685 mm. This former design is deemed as 
unsuccessful as it cause localize water ponding as the flow of storm water is slower than 
the infiltration rate of storm water into modular tank. 
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    Figure 1: Subsurface module in BIOECODS        Figure 2: Subsurface module in Taiping Health Clinic 





New design of module was proposed by Li et al., 2011 to provide better flow 
attenuation with its larger surface opening. These design obtained the high correlation of 
0.72 for equations developed by genetic programming. 
Figure 3 and 4: Modular plate new design in mm (Source by 
Li et al., 2011) 
 
As for this research, latest design was installed in the flume and were used to 
collect the data by running numbers of experiments. 
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Figure 5: Modular plate design use in this research (440 mm x 400 mm x 210 mm per one section) 
 
For future research, new latest design has arrived and no experiments are yet to be 
conducted with this module. The material of this module is different to the current 
material use for the module use in this research.  
  
Figure 6: New latest modular plate design  
As for current research, new setting of module in the flume will be applied to obtain 
the flow resistance through the modular channel and the performances of its flow 
attenuation. 
 
Figure 7: Modular channel cross-section 
  11 
 
Figure 8: Flume dimension (actual) 
 
As shown in the Figure 7 above, there will be two measure that will be examine in 
these research which is the flow rate,  and water level, Y.  is the flow rate at the 
upstream of the channel while  is the flow rate at the downstream of the channel. 
Same case as flow rate,Y1 is the level of water at the upstream of the channel while Y2 is 
the level of water at downstream of the channel. 
 
Measurement of velocity will be taken at ,  and  of the flow 
measurement point where  is the flow depth from the water surface for water depth 
greater than 25 cm. The average velocity and average depth will be calculated from these 
data. The width, and the length, of the channel also are the important measurement 
that was recorded. The module will be located in a few rows across the channel. 
  
 
2.2 Flow attenuation  
Attenuation is the act where the chamber is functioning as temporary storage of 
surface water with suitable chamber below ground level. As for this research, the 
chamber that will be use is module. Module that was used needs to be in an appropriate 
size to accommodate the total runoff during rainfall peak periods. The stored water in 
module will then be released gradually in controlled manner into the downstream which 
will significantly reduce the risk of flood to occur.  
Attenuation is included in the conservation of mass equation that is used to define 
the movement of water through a reach in HEC-RAS.From the HEC-RAS Hydraulic 
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the net rate of flow into the volume be equal to the rate of change of storage inside the 
volume.” In other words, change in storage over time equal to inflow minus outflow. The 
equation is:  
             Equation (1) 
where A = flow area, Q = discharge, t = time, and x = length.   
The discretion form of this is more practical to use and may be more familiar:   
             Equation (2) 
Where I = Inflow to a discrete control volume, O = Outflow,  = Change in Storage, 
= time duration 
Attenuation is important to reduce the runoff rate of storm water and different 
components have been applied in the previous research such as ecological swale, on-line 
underground storage and dry pond. These components not only provide flow attenuation 
but also contribute to the treatment of storm water. A.Ainan et al. (2003) stated that the 
catchment response time to rainfall is about 40 minutes giving an indication that the 
component of ecological swale has a capability to delay the flow to the downstream.  
Dry ponds show the relationship between Annual Recurrence Interval (ARI) and 
the emptying time by its retention behaviour. Dry ponds perform very well in retention 
of the storm water runoff for a typical duration before draining into the storm water 
system, therefore avoidance the occurrence of inundation at downstream end (A.Ainan 
et al., 2003). 
Example of Flow attenuation table (1): 
SD
tD
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Figure 9: Table of flow attenuation 
Example of Inflow and Outflow Hydrograph: 
 
 
Figure 10: Example of Inflow and Outflow Hydrograph 
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2.3 Manning's n equation 
Analysis of laboratory results can be done by Manning formula in metric form 
where the formula is: 
 
,            Equation (3) 
Where  is flow rate in , 
 is velocity in , 
 is Flow area in , 
 is Manning's roughness coefficient, 
 is hydraulic radius in , 
 is Channel Slope in  
Manning's  formula can be derived from Equation (3) which is: 
 
           Equation (4) 
 
A summary of ranges for Manning's  under different slope conditions will be 
recorded. Other than that, dimensionless analysis will be done to obtain an equation by 
governing the Manning's n formula. Manning formula in Equation (4) can be modified 
by switching the coefficient of 1.486 (English unit) or 1 (SI unit) by  (Li et al., 
2011; Yen, 1992) so that the equation will be: 
 








































  15 
 
Li et al., (2011) and Searson (2009) stated that analysis of genetic programming 
was done by using GPTIPS which is a genetic programming tool for the use in 
MATLAB. Coefficient of determination ( ) and root mean square error (RMSE) will 
be use to evaluate the performance of observed and predicted Manning's  models. 
 
             Equation (6) 
 
                 Equation (7) 
 
Where  is observed values,  
 is the mean of ,  
 is predicted values,  
 is the mean of  and  
N is number of samples.  
 
The model with  value near to 1 is usually considered as the most suitable 
model for describing the observed data, and the model with smallest total uncertainty 
will have smallest RMSE. The target of this research is to evaluate the performance of 
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Example of table for Manning's n for modular channel with different slope: 
 
 
Figure 11: Example of table for Manning's n for modular channel with different slope 
 
 




Figure 12: Example of table for regression analysis in predicting roughness parameter 
for modular channel 
 
 
Example of table for genetic programming in predicting roughness parameter  
for modular channel: 
 
 
Figure 13: Example of table for genetic programming in predicting roughness parameter  
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CHAPTER 3: METHODOLOGY/PROJECT WORK 
3.1 Method of study  
Experimental approach will be done by adopting the field open-channel to 
determine the hydrodynamics relation to modular channel. The final results will be 
finalized in the final report. The flow of the method of study that will be done is shown 








Figure 14: Flow chart of Method of Study 
 
3.2 Research Methodology 
Flume experiment will be conducted at Physical Modelling Laboratory of River 
Engineering and Urban Drainage Research Centre (REDAC) at University Sains 
Malaysia. The flume has dimension of length, width and height of a x b x c respectively. 
Subsequently, the flow rate, will be recorded at the upstream and downstream. 
Measurement of velocity will be taken at ,  and  of the flow 
measurement point where  is the flow depth from the water surface for only depth of 
water greater than 25 cm. The average velocity and average depth will be calculated 
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 3.2.1 Flow Chart of Research Methodology 
 












Figure 15: Flow Chart of Research Methodology without Module 
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Measure: depth of flow, 
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Figure 16: Flow Chart of Research Methodology with Module 
3.2.2 Experimental procedure 
 
1) The flume experiment will be set up in the laboratory with few rows of module in the 
channel ( Number of row may varied to obtain varied result of flow resistance and flow 
attenuation) 
2) Firstly, measure the flow of water in the channel with the installation of module. 
3) Set the flume with the slope of 1:500 and 1:1000. 
4) Allow different discharge of water to pass through the channel. 
5) Measure the velocity of the water at different flow depth which is ,  and 
 of the flow measurement point where is the flow depth from the water surface 
for water depth more than 25 cm. 
6) Calculate the average velocity of water from the result obtained in Step 5. 
7) Measure the water flow at the upstream and downstream. 
8) Repeat the experiment from Step 1 to Step 7 without the installation of module. 
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Figure 18: Key Project Milestone (FYPII) 
 
3.4 Project Timeline 
 
Gantt chart (Final Year Project 1) 
 
      Process 
Figure 19: Gantt chart (Final Year Project 1) 
\
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Gantt chart (Final Year Project 2) 
 
Figure 20: Gantt chart (Final Year Project 2) 
CHAPTER 4: RESULT AND DISCUSSION 
For Final Year Project 1 (FYP1), the lab experimental had not yet been conducted. 
The lab experiment will be conducted at Physical Modelling Laboratory of River 
Engineering and Urban Drainage Research Centre (REDAC) at University Sains 
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Dimension of Flume (used in the Laboratory): 
Height of flume: 1.0 m 
 
Figure 21: Flume dimension in Laboratory 
Dimension of Module (used in the Laboratory): 
 
Figure 22: Module dimension in Laboratory 
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Figure 23: Taking the velocity reading in     Figure 24: Reading the data from Velocimeter  
module 
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4.0 Result 
4.1 Without Module (using Acoustic Doppler Velocimeter, ADV) 
For data of flume without module, this data is taken for two types which is Gate Partial 
Opening (GPO) and Gate Fully Opening (GFO) for each slope of 1/1000 and 1/500.  
4.1.1 Slope 1:1000 ( Gate Partial Opening, GPO) 








Table 2: Data of R, Pw & Manning's n for slope 1:1000 (GPO) 
 
 
  26 
4.1.2 Slope 1:1000 ( Gate Fully Opening, GFO) 
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4.1.3 Slope 1:500 ( Gate Partial Opening, GPO) 
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4.1.4 Slope 1:500 ( Gate Fully Opening, GFO) 








Table 8: Data of R, Pw & Manning's n for slope 1:500 (GFO) 
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4.2 With Module 
For data of flume without module, this data is by using two types of meter which is 
Current Meter and Acoustic Doppler Velocimeter (ADV). 
4.2.1 Slope 1:1000 ( Water Depth, d = 10 cm) 
For d < 25 cm, the height of water will be factor with 0.4, 




























(m^2) R S n 
Front 1 0.23 7 2.8 0.07 0.028 1.5 1.556 0.042 0.027  0.001 0.012  
 2 0.2 7 2.8 0.07 0.028 1.5 1.556 0.042 0.027  0.001 0.014  
 3 0.23 7 2.8 0.07 0.028 1.5 1.556 0.042 0.027  0.001 0.012  
Middle 1 0.21 6 2.4 0.06 0.024 1.5 1.548 0.036 0.023  0.001 0.012  
 2 0.17 6 2.4 0.06 0.024 1.5 1.548 0.036 0.023  0.001 0.015  
 3 0.17 6 2.4 0.06 0.024 1.5 1.548 0.036 0.023  0.001 0.015  
End 1 0.24 5 2 0.05 0.02 1.5 1.540  0.03 0.019  0.001 0.010  
 2 0.24 5 2 0.05 0.02 1.5 1.540  0.03 0.019  0.001 0.010  
 3 0.25 5 2 0.05 0.02 1.5 1.540  0.03 0.019  0.001 0.009  
Table 9: Data of level, flow & velocity for slope 1:1000 (10 cm) 
Where, L- width of flume, Pw - Wetted Perimeter, A - cross sectional area 
 
Data generated using  Acoustic Doppler Velocimeter (ADV): 
 
 Table 10: Data of R, Pw & Manning's n for slope 1:1000 (10 cm) 
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Data generated using Acoustic Doppler Velocimeter (ADV) for duration of 1 hour (2.08 
pm to 3.08 pm): 
 
 Table 11: Data of level, flow & velocity for slope 1:1000 (10 cm) 
4.2.2 Slope 1:1000 ( Water Depth, d = 20 cm) 
For d < 25 cm, the height of water will be factor with 0.4, 




























(m^2) R S n 
Front 1 0.12 16 6.4 0.16 0.064 1.5 1.628 0.096 0.059  0.001 0.040  
 2 0.09 16 6.4 0.16 0.064 1.5 1.628 0.096 0.059  0.001 0.053  
 3 0.13 16 6.4 0.16 0.064 1.5 1.628 0.096 0.059  0.001 0.037  
Middle 1 0.14 15 6.0  0.15 0.060  1.5 1.620  0.090  0.056  0.001 0.033  
 2 0.13 15 6.0  0.15 0.060  1.5 1.620  0.090  0.056  0.001 0.035  
 3 0.14 15 6.0  0.15 0.060  1.5 1.620  0.090  0.056  0.001 0.033  
End 1 0.16 13 5.2 0.13 0.052 1.5 1.604 0.078 0.049  0.001 0.026  
 2 0.15 13 5.2 0.13 0.052 1.5 1.604 0.078 0.049  0.001 0.028  
 3 0.15 13 5.2 0.13 0.052 1.5 1.604 0.078 0.049  0.001 0.028  
Table 12: Data of level, flow & velocity for slope 1:1000 (20 cm) 
Where, L- width of flume, Pw - Wetted Perimeter, A - cross sectional area 
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Data generated using  Acoustic Doppler Velocimeter (ADV): 
 
 Table 13: Data of R, Pw & Manning's n for slope 1:1000 (20 cm) 
 
Data generated using Acoustic Doppler Velocimeter (ADV) for duration of 1 hour (3.25 
pm to 4.25 pm): 
 Table 14: Data of level, flow & velocity for slope 1:1000 (20 cm) 
4.2.3 Slope 1:1000 ( Water Depth, d = 30 cm) 
For d > 25 cm, the height of water will be taken at 0.2y, 0.6y and 0.8y 
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Data by using Current meter : 
 
 
 Table 15: Data of level, flow & velocity for slope 1:1000 (30 cm) 
Where, L- width of flume, Pw - Wetted Perimeter, A - cross sectional area 
 
Data generated using  Acoustic Doppler Velocimeter (ADV): 
 
 Table 16: Data of R, Pw & Manning's n for slope 1:1000 (30 cm) 
 
 
Data generated using Acoustic Doppler Velocimeter (ADV) for duration of 1 hour (11.44 
am to 12.44 pm): 
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 Table 17: Data of level, flow & velocity for slope 1:1000 (30 cm) 
4.2.4 Slope 1:500 ( Water Depth, d = 10 cm) 
For d < 25 cm, the height of water will be factor with 0.4, 




























(m^2) R S n 
Front 1 0.17 7 2.8 0.07 0.028 1.5 1.556 0.042 0.027  0.002 0.024  
 2 0.12 7 2.8 0.07 0.028 1.5 1.556 0.042 0.027  0.002 0.034  
 3 0.19 7 2.8 0.07 0.028 1.5 1.556 0.042 0.027  0.002 0.021  
Middle 1 0.19 6 2.4 0.06 0.024 1.5 1.548 0.036 0.023  0.002 0.019  
 2 0.19 6 2.4 0.06 0.024 1.5 1.548 0.036 0.023  0.002 0.019  
 3 0.18 6 2.4 0.06 0.024 1.5 1.548 0.036 0.023  0.002 0.020  
End 1 0.27 5 2 0.05 0.020  1.5 1.540  0.030  0.019  0.002 0.012  
 2 0.28 5 2 0.05 0.020  1.5 1.540  0.030  0.019  0.002 0.012  
 3 0.27 5 2 0.05 0.020  1.5 1.540  0.030  0.019  0.002 0.012  
Table 18: Data of level, flow & velocity for slope 1:500 (10 cm) 
Where, L- width of flume, Pw - Wetted Perimeter, A - cross sectional area 
 
Data generated using  Acoustic Doppler Velocimeter (ADV): 
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 Table 19: Data of R, Pw & Manning's n for slope 1:500 (10 cm) 
 
Data generated using Acoustic Doppler Velocimeter (ADV) for duration of 1 hour (2.10 
pm to 3.10 pm): 
 
 Table 20: Data of level, flow & velocity for slope 1:500 (10 cm) 
 
4.2.5 Slope 1:500 ( Water Depth, d = 20 cm) 
For d < 25 cm, the height of water will be factor with 0.4, 
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(m^2) R S n 
Front 1 0.12 17 6.8 0.17 0.068 1.5 1.636 0.102 0.062  0.002 0.059  
 2 0.09 17 6.8 0.17 0.068 1.5 1.636 0.102 0.062  0.002 0.078  
 3 0.17 17 6.8 0.17 0.068 1.5 1.636 0.102 0.062  0.002 0.041  
Middle 1 0.17 16 6.4 0.16 0.064 1.5 1.628 0.096 0.059  0.002 0.040  
 2 0.12 16 6.4 0.16 0.064 1.5 1.628 0.096 0.059  0.002 0.056  
 3 0.15 16 6.4 0.16 0.064 1.5 1.628 0.096 0.059  0.002 0.045  
End 1 0.16 15 6 0.15 0.060  1.5 1.620  0.090  0.056  0.002 0.041  
 2 0.15 15 6 0.15 0.060  1.5 1.620  0.090  0.056  0.002 0.043  
 3 0.16 15 6 0.15 0.060  1.5 1.620  0.090  0.056  0.002 0.041  
Table 21: Data of level, flow & velocity for slope 1:500 (20 cm) 
Where, L- width of flume, Pw - Wetted Perimeter, A - cross sectional area 
 
Data generated using  Acoustic Doppler Velocimeter (ADV): 
 




Data generated using Acoustic Doppler Velocimeter (ADV) for duration of 1 hour (3.36 
pm to 4.36 pm): 
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 Table 23: Data of level, flow & velocity for slope 1:500 (20 cm) 
4.2.6 Slope 1:500 ( Water Depth, d = 30 cm) 
For d > 25 cm, the height of water will be taken at 0.2y, 0.6y and 0.8y 
Data by using Current meter : 
 
 
 Table 24: Data of level, flow & velocity for slope 1:500 (30 cm) 
Where, L- width of flume, Pw - Wetted Perimeter, A - cross sectional area 
 
Data generated using  Acoustic Doppler Velocimeter (ADV): 
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 Table 25: Data of R, Pw & Manning's n for slope 1:500 (30 cm) 
 
Data generated using Acoustic Doppler Velocimeter (ADV) for duration of 1 hour (11.44 
am to 12.44 pm): 
 
 Table 26: Data of level, flow & velocity for slope 1:500 (30 cm) 
 
4.3 Discussion 
The data were collected for slope 1: 1000 with depth of water of 10 cm, 20 cm and 
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30 cm and also slope 1:500 with depth of water of 10 cm, 20 cm and 30 cm.The result 
and data will then be analyzed to evaluate the performance of the module under different 
parameter. 
4.3.1 Data Analyze (Water level, Flow Rate & Velocity using Current Meter) 
The flow resistance will be analyze by comparing the Velocity (m/s), Flow rate 
(L/s) and Water Level (cm) for water flow at upstream and downstream with respect to 
time. 
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From the graph shown above, water level at downstream decrease than the 
upstream level. The velocity and flow rate at downstream increase than the upstream. All 
of this graph show the ability of module to decrease the water level without hindering 
the velocity and flow rate of water. This will help to avoid flooding at downstream of the 
channel. The steeper slope (S = 0.0020) will affect the modular performance 
significantly than less steeper slope (S = 0.0010). 
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4.3.2 Data Analyze (Manning's n) 
Data collection were done in two phase, without module and with module. For data of 
flume without module, the type of data were divided into Gate Partial Opening (GPO) 
and Gate Fully Opening (GFO) for each slope of 1/1000 and 1/500. For data of flume 
with module, the data consists of two series which is data from Current meter and 
Acoustic Doppler Velocimeter (ADV) for each slope of 1/1000 and 1/500. 
 
Table 27: Manning's n for flume without modular channel using Acoustic Doppler Velocimeter (ADV) 
 
Slope of S = 0.0010 has the highest Manning's n value which is 0.161 compare to slope 












Table 28: Manning's n for flume with modular channel using Acoustic Doppler Velocimeter (ADV) 
 
Slope of S = 0.002 has the highest Manning's n value which is 0.164 compare to slope of 
S = 0.0010 which is 0.108. 
Width of flume 
(mm) 







Partial (GPO) 0.099-0.244 0.161 
Fully (GFO) 0.013-0.028 0.016 
0.0020 
Partial (GPO) 0.075-0.234 0.130 












0.1 0.024-0.027 0.025 
0.2 0.051-0.071 0.061 
0.3 0.070-0.186 0.108 
0.0020 
0.1 0.036-0.049 0.044 
0.2 0.079-0.117 0.095 
0.3 0.072-0.269 0.164 
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Table 29 : Manning's n for flume with modular channel (Current Meter) 
 
Slope of S = 0.002 has the highest Manning's n value which is 0.098 compare to slope of 
S = 0.0010 which is 0.064. 
4.3.2.1 Discussion of Manning's n value 
By referring to Table 21 and Table 22, Manning's n value for flume with module is 
higher than Manning's n value for flume without module. This data verify the function of 
module to increase the Manning's n value. 
4.3.3 Regression Analysis (  and RMSE) 
 
Regression analysis were done to determine the accurateness of Manning's n calculated 
by using the  and RMSE. All of the data and Manning's n value were deemed to be 
eligible as all of  value approaching to zero and all of RMSE value approaching to 
one. 
 
















0.1 0.009-0.015 0.012 
0.2 0.026-0.053 0.035 
0.3 0.058-0.068 0.064 
0.0020 
0.1 0.012-0.034 0.019 
0.2 0.040-0.078 0.049 
0.3 0.085-0.115 0.098 
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Source: Shahin et al. [6] 
4.3.3.1  and RMSE Value (Current Meter) - With Module 
 
  
 Figure 28: a) 1:1000 (10 cm) and b) 1:500 (10cm) 
  
Figure 29: a) 1:1000 (20 cm) and b) 1:500 (20 cm) 
 
  
Figure 30: a) 1:1000 (30 cm) and b) 1:500 (30 cm) 
 
As shown above, all the result were accepted as the all  value approaching to one 
and all the RMSE value approaching to zero. 
4.3.3.2  and RMSE Value (Acoustic Doppler Velocimeter (ADV))- with Module 
 
  
 Figure 31: a) 1:1000 (10 cm) and b) 1:500 (10cm) 
  





  47 
  
Figure 33: a) 1:1000 (30 cm) and b) 1:500 (30 cm) 
 
As shown above, all the result were accepted as the all  value approaching to one 
and all the RMSE value approaching to zero. 




 Figure 34: a) 1:1000 (GPO) and b) 1:500 (GPO) 
  
Figure 35: a) 1:1000 (GFO) and b) 1:500 (GFO) 
 
As shown above, all the result were accepted as the all  value approaching to one 
and all the RMSE value approaching to zero.All of the RMSE and R2 value were 
generated by using Neural Network Fitting Tool in MATLAB. For Validation and Test 
Data, sample were divided by 50% for Training, 25% for Validation and remaining 25% 
for Testing.For the Train Network, the training algorithm that were used is 
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4.3.3.4 Regression graph (Current Meter)- with Module 
   
 Figure 36: a) 1:1000 (10 cm) and b) 1:500 (10cm) 
 
   
 Figure 37: a) 1:1000 (20 cm) and b) 1:500 (20cm) 
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 Figure 38 : a) 1:1000 (30 cm) and b) 1:500 (30cm) 
 
From graph shown above, major of the R value for Training, Validation and Test 
approaching the best fit line. For some of graph that were not so close to the best fit line 
needed more data sample so more accurate result can be obtained. 
4.3.3.5 Regression graph (Acoustic Doppler Velocimeter (ADV))- with Module 
   
 Figure 39: a) 1:1000 (10 cm) and b) 1:500 (10cm) 
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 Figure 40: a) 1:1000 (20 cm) and b) 1:500 (20cm) 
 
   
 Figure 41 : a) 1:1000 (30 cm) and b) 1:500 (30cm) 
 
From graph shown above, major of the R value for Training, Validation and Test 
approaching the best fit line. For some of graph that were not so close to the best fit line 
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4.3.3.6 Regression graph (Acoustic Doppler Velocimeter (ADV))- without Module 
   
 Figure 42: a) 1:1000 (GPO) and b) 1:500 (GPO) 
 
   
 Figure 43: a) 1:1000 (GFO) and b) 1:500 (GFO) 
 
From graph shown above, major of the R value for Training, Validation and Test 
approaching the best fit line. For some of graph that were not so close to the best fit line 
needed more data sample so more accurate result can be obtained. 
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4.3.3.7 Performance Graph (Current Meter)-with Module 
   
 Figure 44: a) 1:1000 (10 cm) and b) 1:500 (10cm) 
 
   
 Figure 45: a) 1:1000 (20 cm) and b) 1:500 (20cm) 
 
   
 Figure 46: a) 1:1000 (30 cm) and b) 1:500 (30cm) 
Graph above show the validation performance from running the data sample for each 
parameter. The train line were a bit far from best line due to less number of sample used.  
  53 
4.3.3.8 Performance Graph (Acoustic Doppler Velocimeter (ADV))- with Module) 
   
 Figure 47: a) 1:1000 (10 cm) and b) 1:500 (10cm) 
 
   
 Figure 48: a) 1:1000 (20 cm) and b) 1:500 (20cm) 
 
   
 Figure 49: a) 1:1000 (30 cm) and b) 1:500 (30cm) 
Graph above show the validation performance from running the data sample for each 
parameter. The train line were a bit far from best line due to less number of sample used.  
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4.3.3.9 Performance Graph (Acoustic Doppler Velocimeter (ADV))- without Module) 
   
 Figure 50: a) 1:1000 (GPO) and b) 1:500 (GPO) 
 
   
 Figure 51: a) 1:1000 (GFO) and b) 1:500 (GFO) 
 
Graph above show the validation performance from running the data sample for each 
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4.3.3.10 Error Graph (Current Meter)-with Module 
   
 Figure 52: a) 1:1000 (10 cm) and b) 1:500 (10cm) 
 
   
 Figure 53: a) 1:1000 (20 cm) and b) 1:500 (20cm) 
 
   
 Figure 54: a) 1:1000 (30 cm) and b) 1:500 (30cm) 
Graph shown above show the range value of error that occur from running the data 
sample for each parameter. 
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4.3.3.10 Error Graph (Acoustic Doppler Velocimeter (ADV))-with Module 
   
 Figure 55: a) 1:1000 (10 cm) and b) 1:500 (10cm) 
 
   
 Figure 56: a) 1:1000 (20 cm) and b) 1:500 (20cm) 
 
   
 Figure 57: a) 1:1000 (30 cm) and b) 1:500 (30cm) 
Graph shown above show the range value of error that occur from running the data 
sample for each parameter. 
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4.3.3.10 Error Graph (Acoustic Doppler Velocimeter (ADV))-without Module 
   
 Figure 58: a) 1:1000 (GPO) and b) 1:500 (GPO) 
 
   
 Figure 59: a) 1:1000 (GFO) and b) 1:500 (GFO) 
 
Graph shown above show the range value of error that occur from running the data 
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CHAPTER 5: CONCLUSION AND RECOMMENDATION 
 
The application of module in channel system will help to manage the surface runoff 
of storm water at the downstream and reduce the risk of flood to occur in urban area. 
The performances of the modular channel in terms of flow resistance is able to be 
achieved at the end of this research.The flow resistance were affected by the module by 
decreasing the water level at downstream and also increasing the velocity and flow rate 
at downstream. The higher the value of Manning’s roughness coefficient, n the lower the 
value of flow rate, Q will be as it is inversely proportional.  
In this research, the highest Manning's n value of flume without module for Gate 
Partial Opening (GPO) is 0.244 (1:1000) and 0.234 (1:500) while Gate Fully Opening 
(GFO) is 0.028 (1:1000) and 0.021 (1:500). Highest Manning's n value of flume with 
module is 0.186 (1:1000) and 0.269 (1:500). As stated above, n (=0.269) is higher than n 
(=0.234) that validate the modular channel function to increase flow resistance. Steeper 
slope will have higher Manning's n value than less steeper slope  and some of the result 
is not accurate due to some error while obtaining the data.More accurate roughness and 
discharge values can be obtained in the future by increasing the number of sample and 
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